Climatologically, an abrupt enhancement of convection occurs in mid-July over the western North Pacific (WNP) around 20°N, 150°E known as a convection jump (CJ), which is associated with a rapid diminishment of the Baiu rainband over central Japan through excitation of stationary Rossby wave. In view of the subtropical-origin teleconnection, we examined a projected future delay of the Baiu withdrawal under global warming conditions with relevance to future changes in seasonal evolution over the WNP. Based on reproducibility evaluation of the Coupled Model Intercomparison Project phase 3 (CMIP3) multi-model outputs with respect to seasonal evolution of summertime precipitation over central Japan, we computed weighted multi-model ensembles, which are used for diagnosis of the projected future CJ changes. The result shows that CJ under global warming will occur more southeastward. In the future projection, increases in sea surface temperature (SST) over the equatorial Pacific and subtropical North Pacific are larger than those in the adjacent regions. Sensitivity experiments with a general circulation model (MJ98 AGCM) utilizing these salient warm SST anomalies also show the southeastward shift of CJ in comparison with a control simulation. These results indicate that the change in the location of subtropical convections associated with the spatial distribution of warm SST anomalies could be an important factor for the late termination of the Baiu season over central Japan under global warming conditions.
Introduction
East Asian summer monsoon is characterized by a quasi-stationary rainband that extends from southeast China to Japan, and shows northward movement from mid-May to late July (e.g., Ninomiya and Murakami 1987) . This rainband exhibits a subtropical frontal structure and is called as Baiu in Japan, Meiyu in China, and Changma in Korea. Since this rainband brings a large amount of rainfall over East Asia, its projected future change is one of the important issues for people living in this region. As for future changes in the East Asian summer monsoon, Kimoto (2005) analyzed output of the coupled generalcirculation models (CGCMs) in the World Climate Research Programme's (WCRP's) Coupled Model Intercomparison Project phase 3 (CMIP3). As a result, activity of the Baiu/ Meiyu rainband in boreal summer over East Asia would increase due to strengthening of anticyclonic cells to its south and north. Future changes in summertime precipitation over China associated with Meiyu rainband have been examined by Li et al. (2011 and others. Kitoh and Uchiyama (2006) evaluated JJA (June to August) mean precipitation fields over the Asian monsoon region and seasonal variations in precipitation in East Asia and the western Pacific sector in 15 CMIP3 CGCMs, examining the future changes in onset and withdrawal of the Asian summer rainy season. As a result, they showed that withdrawal of the Baiu rainy season around Japan was projected to be delayed. Kusunoki et al. (2006 Kusunoki et al. ( , 2011 and Kusunoki and Mizuta (2008) also indicated that the withdrawal of the Baiu rainy season over Japan would tend to delay in the future climate by using a 20-km mesh global atmospheric model. They discussed that an increase in moisture transport from the North Pacific subtropical high is associated with the delay. Kawase et al. (2009) studied the changes in the Baiu rainband due to global warming by the pseudo global warming downscaling method, and showed that the future meridional position of the rainband would tend to locate more southward than that of the present climate. This change is also interpreted as the delay of the northward movement of the Baiu rainband. Interestingly, the delay of the Baiu withdrawal over Japan in the 20 th century has also been reported from analyses of past observational datasets (e.g., Sato and Takahashi 2001; Inoue and Matsumoto 2003; Endo 2011) . Though some related phenomena with respect to the delay of the Baiu withdrawal has been proposed, it is not fully understood, and further examinations are expected.
In observational studies, Ueda et al. (1995) revealed that an abrupt commencement of convective activities over the western North Pacific (WNP) around 20°N, 150°E climatologically occurs in the middle to late July, which is called a convection jump (abbreviated as CJ hereafter). They showed that the occurrence of CJ has an impact upon the withdrawal of the Baiu near Japan through propagation of stationary Rossby waves generated by atmospheric heat sources. They also suggested that tropical cyclones are a major rain producer and provide energy sources for the Rossby wave propagation. Ueda and Yasunari (1996) further examined the air-sea coupled processes of CJ. Prior to the occurrence of CJ, sea surface temperature (SST) rises to a maximum of more than 29°C over the area around 20°N, 150°E. They suggested that the high in-situ SST is an important factor for the occurrence of CJ. In an interannual timescale, Ueda and Yasunari (1996) and Tanaka (1997) pointed out that inactive convection years in middle to late July over the area of CJ correspond well with the El Niño years.
With respect to future changes in SST, Xie et al. (2010) , Collins et al. (2010) and other studies have showed a clear warming maximum SST in the equatorial Pacific, known as an "El Niño-like" SST warming pattern. Xie et al. (2010) pointed out that future changes in tropical rainfall are positively correlated with spatial deviation of SST warming from the tropical mean. Therefore, it is possible that the changes in convective activities over the WNP are associated with the delay of the Baiu withdrawal under global warming conditions.
In the present study, we investigate the projected future delay of the Baiu withdrawal over central Japan in view of the subtropical-origin teleconnection. Based on evaluations for reproducibility of summertime seasonal evolutions over central Japan in CMIP3 CGCMs, weighted multi-model ensembles (MMEs) are calculated and future projections of the Baiu withdrawal and associated changes of seasonal evolutions over the WNP are examined. We also conduct sensitivity experiments using an atmospheric general circulation model (AGCM) prescribing SST patterns under global warming condition. From these results, we discuss a possible linkage between the projected future SST warming pattern over the Pacific Ocean, future changes of CJ over the WNP and the delay of the Baiu withdrawal.
Section 2 describes data utilized in the present study. In Section 3, we evaluate the seasonal evolution of precipitation over central Japan in the CMIP3 CGCMs. Based on these evaluation results, Section 4 examines future changes of the Baiu withdrawal in Japan and convective activities over the WNP. Results of the AGCM simulations are shown in Section 5, and Section 6 gives a brief summary and discussion. Table 1 , we analyze daily data under the 20 th Century Climate in Coupled Models (20C3M) and Special Report on Emission Scenarios (SRES) A1B experiments from 18 CGCMs in the WCRP's CMIP3 Table 1 . List of CGCMs used in the present study.
Data and model
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Model Country (Meehl et al. 2007 ). The number of available CGCM outputs under the SRES-A1B scenario is the largest among the SRES scenarios, thus we examine the result of the SRES-A1B scenario for future projections. Details of these CGCMs are documented on the web site (http://www-pcmdi.llnl.gov/ipcc/about_ipcc. php) at the Program for Climate Model Diagnosis and Intercomparison (PCMDI). To calculate multi-model ensembles, data are interpolated into common 2.5° by 2.5° horizontal grids. In order to equally treat each CGCM, only the first member simulation is used in the present study, even if multi-member output is available for several CGCMs. Climatological means for each of the model outputs are defined as averages for 19-year periods of the end of the 20 th and the 21 st centuries (i.e., 1981-99 for 20C3M, and 2081-99 for SRES-A1B).
In Section 5, we carry out numerical simulations using an AGCM. The model used for the present study is MJ98 AGCM (Shibata et al. 1999 Yukimoto et al. 2001 Yukimoto et al. , 2006 . This AGCM is a global spectral model, which we ran at as horizontal T42 resolution with 30 sigma-pressure coordinate levels in vertical with the top at 0.4 hPa. This model includes a land process. In simulations using this AGCM, an observational climatological SST in the 20 th century, called World Ocean Atlas 1994 (WOA94; Levitus and Boyer 1994) , is prescribed in a control run. WOA94 is an analysis of oceanographic data collected in the archives of the U.S. National Oceanographic Data Center that includes monthly temperature averages.
In order to evaluate the reproducibility of the CMIP3 CGCMs and the AGCM simulations, we also use the CPC Merged Analysis of Precipitation (CMAP; Xie and Arkin 1997) and the 40-year Reanalysis from the European Centre for Medium-Range Weather Forecasts (ERA-40; Uppala et al. 2005) . Also among these data, 19-year (1981-99) averages are used for comparison.
Reproducibility of the seasonal evolutions of precipitation over Japan in the CMIP3 CGCMs
At first, we evaluate reproducibility of the seasonal evolution of precipitation over Japan in the CMIP3 CGCMs. Figure 1 shows seasonal evolution of precipitation over central and western Japan (averaged over 125°-145°E, 30°-37.5°N; denoted as BAIU region hereafter) based on the CMAP observational dataset (average of 1981-99) . Climatologically, the Baiu rainy season in this region starts in early to middle June, and ends in middle July (e.g., Wang and LinHo 2002) . After the end of the Baiu season, a relatively dry season comes because the North Pacific subtropical high prevails over this area. In order to quantitatively evaluate the reproducibility of this seasonal variation in the CMIP3 CGCMs, Taylor's skill scores with respect to the temporal variations in pentad-mean precipitation in the BAIU region for the period from the 25 th to the 49 th Julian pentad (1 May to 2 September) are calculated. Taylor (2001) 
where R is a correlation coefficient between each CGCM and the observation (CMAP in the present study), SDR is a ratio of standard deviations for each model against observation, and R 0 is a maximum correlation coefficient attainable between intraensemble members in the same model. We assume R 0 as unity, since only the first member of simulation is used in the present study. Table 2 shows the correlation coefficients (R), ratios of standard deviations (SDR), and the skill scores (S) of the temporal variations. A Taylor diagram (Taylor 2001) for the patterns of the seasonal precipitation change is also shown in used for evaluation of model performance with respect to observation. In this diagram, a reference dataset (Obs.) is plotted along the abscissa. The correlation between each CGCM and observation is related to the azimuthal angle, and the radial distance from the origin indicates the standard deviation. The distance between each CGCM and a reference dataset is proportional to the root-mean-square error after the removal of the average. Among the 18 CGCMs used in the present study, 5 models show negative correlation with the observation. In these CGCMs, a decrease in precipitation in July due to the withdrawal of the Baiu season does not occur. Standard deviations in precipitation in many CGCMs are smaller than that in the observation, indicating that the amplitudes of the precipitation peak in the Baiu season are relatively weaker than that of the observation. As a result, the Taylor's skill scores differ from model to model to a large extent, ranging from 0.007 to 0.632. Hereafter, the 5 CGCMs which show negative correlation with the observation are not used because we judge that the Baiu withdrawal over Japan cannot be discussed in these CGCMs. Then, weighted 13 model ensembles (w-MME hereafter) of 19-year means in 20C3M (1981-99) and SRES-A1B (2081-99) are calculated, where weighting factors of the CGCMs are proportional to S. Correlation coefficients, ratios of standard deviations, and the skill scores based on w-MME and unweighted 18-model ensemble are also plotted in Fig. 2 and listed in Table  2 . Standard deviation of w-MME is smaller than that in the observation mainly due to a smoothing effect of multi-model ensemble, but the correlation coefficient and the skill score are very high. In the unweighted multi-model ensemble, standard deviation is very small and thus the skill score is low. These results indicate that the w-MME method in the present study brings better reproducibility on the seasonal evolution of precipitation over BAIU region. In the next section, we compare the w-MME of the two periods. Figure 3 shows seasonal evolutions in precipitation rate in the late 20 th century (1981-99 in 20C3M Table 1 . Statistics of unweighted 18-model ensemble and w-MME are also shown at the bottom. Table 1 , and an open (a filled) triangle is based on unweighted 18-model ensemble (13-model w-MME).
Future changes of the Baiu withdrawal and convective activities over the western North Pacific
simulations; 20C hereafter) and the late 21 st century (2081-99 under SRES-A1B scenario; 21C hereafter) over BAIU region based on w-MME. In 20C based on w-MME, an obvious precipitation peak is recognizable in the Baiu rainy season (early June to mid-July). This temporal variation is generally similar to that in the observation (Fig. 1) . In 21C, the precipitation rate is relatively larger than that in 20C throughout the period, which is associated with thermodynamic effects due to the increase in atmospheric moisture content in warmer conditions (cf. Emori and Brown 2005) . The withdrawal of the Baiu rainy season in 21C is later than that in 20C, and the decrease in precipitation in the middle of July is slower and more unclear. This result is consistent with the multi-CGCM results by Kitoh and Uchiyama (2006) , and high-resolution AGCM simulations such as Kusunoki et al. (2011) . Figure 4 shows differences of the date of the Baiu withdrawal (21C minus 20C) in respective CGCMs and w-MME. Here, the Baiu withdrawal date (T: unit is day) in each CGCM is defined when [precipitation averaged from T+0 toT+29] minus [precipitation averaged from T-30 to T-1] shows a maximum decrement in July or August. Since the Baiu rainy season over this region is 30-40 days (Fig. 1) , we selected this 30-day window for the definition. In this definition, the withdrawal date corresponds to a time point when the most sudden precipitation decrease occurs. In model L, the withdrawal date in 21C cannot be determined since the date of maximum decrement in 21C appears in September. In this figure, a positive (negative) value means that the Baiu withdrawal in 21C will become later (earlier) than that in 20C. Among the 12 CGCMs, 9 models show a delay of withdrawal and the differences are quite large. Though 3 CGCMs show earlier withdrawal, the differences between 20C and 21C are only 1 or 2 days. In w-MME, the withdrawal of the Baiu delays by 10 days. This result indicates that the inter-modal consistency with respect to the delay of the Baiu withdrawal in BAIU region is considerably robust. Figure 5a shows time differences in precipitation and 850 hPa wind between 10-day means before and after the withdrawal of the Baiu in 20C based on w-MME. In order to clarify the abrupt changes of the Baiu withdrawal, the time-series are coordinated relative to the Baiu withdrawal of each CGCM in 20C, then weighted MMEs are calculated and the 10-day differences are shown in this figure. The definition of the Baiu withdrawal is the same as that described above. In 20C based on w-MME of CMIP3 CGCMs, an increase in precipitation and lower-tropospheric cyclonic changes are recognized over an area from 20°-25°N, 140°-160°E (CJ area hereafter), whereas a precipitation decrease and lower-tropospheric anticyclonic difference appear over BAIU region. These features are consistent with those in observation during middle and late July (e.g., Ueda et al. 1995) . Figure  5b shows the time differences in 21C. Also in 21C, an increase in precipitation and lower-tropospheric cyclonic changes are recognized over the WNP, though the center of the change locates southeastward compared with that in 20C. A negative precipitation and lower-tropospheric anticyclonic anomalies over BAIU region are relatively unclear in response to the enhanced precipitation after the Baiu season and the delay of the Baiu withdrawal as shown in Fig. 3 . Table 1 . Figure 5c shows differences in precipitation and 850 hPa wind between 20C and 21C in 10-day means after the withdrawal of the Baiu in 20C based on w-MME. Since the Baiu rainy season does not terminate in 21C in this period, precipitation is larger over BAIU region. Precipitation slightly decreases around CJ area where the convections become active in 20C in this period. To the southeast of this area, a precipitation increase and westerly wind anomalies are obvious on and around the equator. Figure 6 shows time-latitude cross sections in precipitation time differences (after 10-day mean minus before 10-day mean) averaged along 140°-160°E in 20C and 21C based on w-MME. In 20C, a precipitation increase around 20°N occurs in early to middle July, whereas it appears in middle to late July in 21C, indicating the delay of CJ occurrence. The period of delay is about 10 days, which is close to that of the Baiu withdrawal in BAIU region (Figs. 3, 4) . This result means that the northward expansion of active convection area over the WNP will delay under global warming conditions.
In observational studies such as Ueda (2005) , convections commence when in situ SST becomes higher than a certain threshold value over the WNP. Thus we examine the change in SST warming patterns under global warming. Figure 7 shows annual mean SST differences between 20C and 21C based on w-MME. Along with increases in greenhouse gas concentrations, SST increases in all areas in this figure, but the warming is not spatially uniform. As pointed out by previous studies such as Yamaguchi and Noda (2006) , Xie et al. (2010) and Collins et al. (2010) , there is a clear warming maximum in the equatorial Pacific. This El Niño-like warming pattern is a result of weakening Walker circulation under global warming (Tanaka et al. 2005; Vecchi et al. 2006 ) with lowertropospheric westerly wind anomalies in the equatorial Pacific through Bjerknes feedback (Bjerknes 1969) . This is also recognizable in precipitation and lowertropospheric wind changes in Fig. 5c . In observational studies on interannual variability, Ueda and Yasunari (1996) and Tanaka (1997) pointed out that inactive convection years in middle to late July over CJ area correspond well with the El Niño years. Though the threshold will become higher in a warmer climate because of enhanced tropospheric stratification (cf. Kosaka and Nakamura 2011), this feature is also true in the CMIP3 CGCMs. Since the spatial pattern of SST change between 20C and 21C is positively correlated with that in precipitation change (Xie et al. 2010) , it implies that the SST warming pattern is responsible for the southeastward shift of CJ. As introduced in section 1, the Baiu withdrawal occurs through stationary Rossby wave propagation associated with an abrupt commencement of convections over CJ region around mid-July in the present climate (Ueda et al. 1995) . Thus it is possible that the southeastward displacement of CJ might change the course of stationary Rossby wave propagations, bringing a displacement of the anomalous anticyclone and the delay and obscuration of the Baiu termination over BAIU region. Kitoh and Uchiyama (2006) also suggested that the El Niño-like SST changes in the tropical Pacific could be related with the delay of the Baiu withdrawal. In addition to the warming peak in the tropical Pacific, there is recognizable warming over the subtropical North Pacific (around 10°-20°N, 135°E-120°W) under global warming condition that is greater than that in its surroundings. Xie et al. (2010) suggested that the warming is associated with weakening of the trade wind over the subtropical Pacific in the Northern Hemisphere through wind-evaporation-SST (WES) feedback. In the next section, we examine the relationship between these SST warming patterns and the change in convective activities over the WNP and the Baiu withdrawal through sensitivity experiments by using an AGCM.
Sensitivity experiments by AGCM
In this section, simulation results using MJ98 AGCM are shown. At first, an AGCM simulation prescribing WOA94 observational climatological SST in the 20 th century is performed. This simulation is denoted as A20C run hereafter. In this run, the concentration of CO 2 is 348 ppm, N 2 O is 306 ppb, and CH 4 is 1650 ppb, respectively. The simulation is run for 40 years, and the results shown below are averages of the last 30 years (i.e., 11-40 simulation years). In this model, daily SST as a boundary condition is given from linear interpolation of monthly mean SST data. In the present study, daily-mean AGCM simulation output is analyzed. In order to verify reproducibility of the Baiu withdrawal and convective activity over the WNP, we compare seasonal changes associated with CJ between the observations and A20C run. Figure 8 shows time differences of precipitation and 850 hPa wind between 10-day means before and after the withdrawal of the Baiu in the observation and A20C run. Since the CJ timing and the precipitation decrease over BAIU region in A20C run are earlier than those in the observation by 3 pentads, we choose the periods when the CJ and the precipitation decrease are the most obvious in the observation and A20C run respectively. In observation, a large cyclonic circulation develops centered around CJ area while the precipitation decreases over BAIU region (Fig. 8a) . Though the magnitude of the precipitation increase over CJ area is smaller than that in observation, the A20C run simulates these temporal changes reasonably well (Fig.  8b) . One might notice that the temporal differences in observation and A20C run are larger than those in 20C in the w-MME of CMIP3 CGCMs (Fig. 5a ). This is mainly due to an offset effect associated with subtle spatial differences between the respective CGCMs. General characteristics in the Baiu rainy season (16 June to 15 July) and midsummer dry season (16 July to 14 August) over the WNP and East Asia are also reproduced considerably well (figures not shown).
Next, monthly-mean SST differences between 20C and 21C based on w-MME (Fig. 7) are added to WOA94 monthly-mean SST, and then an AGCM simulation using this prescribed SST is carried out (denoted as A21C run hereafter). As discussed in the previous section, the warming maximum over the tropical-equatorial Pacific is pronounced. A relatively larger SST increase over the subtropical North Pacific is also recognized. In order to examine the influence of these anomalously warmer SSTs on the delay of the Baiu withdrawal and convection activity around CJ area, other two AGCM experiments are designed. From the SST warming pattern (21C minus 20C in w-MME; Fig. 7 ), extra SST values in a box area of 8°S-8°N, 140°E-75°W are extracted in each month by subtracting a minimum SST difference value in the box. As a result, patch-shaped SST anomalies in the tropical Pacific are prepared. Similarly, extra SST values in a box area of 10°-20°N, 135°E-120°W are extracted in each month, and we prepare patch-shaped SST anomalies in the subtropical North Pacific. The annual mean anomaly of the extra SST over the tropical Pacific and subtropical North Pacific are shown in Fig.  9 . In Fig. 9a (Fig. 9b) , the warmer SST is distributed over tropical Pacific (subtropical North Pacific) and its maximum value is 0.7-0.8 K (0.3-0.4 K). These SST patterns are added to the WOA94 SST, and AGCM simulations prescribing these SSTs are carried out. These runs are denoted as TPW run and SNPW run respectively.
In A21C run, concentration of CO 2 is 665 ppm, N 2 O is 390 ppb, and CH 4 is 1985 ppb respectively, [K] SST difference (21C minus 20C, w-MME) Fig. 7 . Annual mean SST differences between 20C and 21C based on w-MME. Contour intervals are 0.2 K, and dark (light) shading denotes that the SST increment is more than 2.4 (2.2) K.
corresponding to the 2081-99 average under SRES-A1B scenario. In TPW and SNPW runs, concentrations of CO 2 , N 2 O, and CH 4 are the same as those in A20C run. The simulations in all runs are performed for 40 years, and the results shown below are averages of the last 30years (i.e., 11-40 simulation years). We also conducted a 70-year run in A21C run, and compared the result between the 30-year averages in 11-40 and 41-70 simulation years. These results are quite similar (figures not shown), thus we confirmed that the AGCM simulations reach a steady state in the 10-year spin-up. Figure 10 shows seasonal evolutions of precipitation averaged over BAIU region in A20C, A21C, TPW and SNPW runs. A precipitation maximum in the Baiu season is recognizable in A20C simulation, though the withdrawal of rainy season is somewhat earlier than that in the observation (Fig. 1) in relation with the earlier occurrence of CJ (Fig. 8) . The withdrawal of the Baiu rainy season in A21C run delays by about 10 days compared with that in A20C run. Delay of the Baiu onset in June is also seen, but this is not recognized in w-MME of the CMIP3 CGCMs (Fig. 3) . It seems that this discrepancy between w-MME and A21C run is mainly due to structural uncertainty between the GCMs. The former is based on weighted MME results of 13 CGCMs, which have various different physical schemes; whereas the latter is a simulated result by a single AGCM which does not contain air-sea coupled processes. These differences might be responsible for the inconsistency. Though the future delay of the onset observed in the AGCM simulation is an interesting issue, it is beyond the scope of the present study.
In TPW run, precipitation in the Baiu season is smaller and the Baiu withdrawal is later than those in A20C run. Also in SNPW run, a precipitation decrease due to the Baiu withdrawal occurs later than that in A20C run. These differences between the runs suggest that the relatively larger warming over the tropical- the delay of the Baiu withdrawal. Figure 11 shows differences in precipitation and 850 hPa winds in A21C, TPW and SNPW runs from those of A20C run averaged for 5-14 July, when CJ occurs in A20C run (see Fig. 8b ). Precipitation is larger around BAIU region in A21C run (Fig. 11a) because the Baiu rainy season does not terminate in this period. Precipitation over CJ area and its vicinity in A21C run is less than that in A20C run. On the other hand, positive precipitation and westerly wind anomalies prevail over the tropical and equatorial Pacific, which is consistent with positive correlation between anomalous precipitation and SST pointed out by Xie et al. (2010) in an annual mean timescale. These characteristics are much clearer than those in the w-MME result (Fig. 5c) , suggesting the southeastward displacement of CJ. In A20C run, CJ and the Baiu withdrawal occurs due to the excitation and propagation of stationary Rossby wave at this time (Ueda et al. 1995) . In view of this subtropical-origin teleconnection, Fig. 11a shows that the southeastward displacement of CJ in A21C run might change the position of stationary Rossby wave propagation and bring southeastward displacement of the anticyclonic anomaly around BAIU region.
Also in TPW run (Fig. 11b) , a precipitation decrease and anticyclonic wind anomalies are recognized around CJ area, whereas positive precipitation and lowertropospheric westerly wind anomalies appear over the tropical-equatorial Pacific. Positive precipitation anomalies around Japan are also recognized. Though the magnitude of the differences in TPW run anomalies is smaller than that in Fig. 11a , the general patterns between them are similar. This spatial pattern (i.e., positive precipitation anomalies over the nearequatorial Pacific and BAIU region and the subtropical negative precipitation anomaly between them) indicates the southeastward displacement of CJ and its resultant anticyclonic anomaly around Japan. Therefore, this result implies that the tropical Pacific warmer SST under global warming conditions has an impact on the southeastward displacement of CJ and the delayed Baiu withdrawal.
The impact of the larger SST warming over the subtropical North Pacific on convective activities is verified in SNPW run (Fig. 11c) . In this run, an increase in precipitation is observed over a zonally-elongated region between 10°N and 20°N over the Philippine Sea (120°-140°E) and the subtropical central North Pacific (160°E-180°). It seems that these positive precipitation anomalies result from the in situ warmer SST. A negative precipitation and lower-tropospheric anticyclonic anomalies around CJ area, and positive precipitation anomalies over BAIU region due to the displacement of stationary Rossby wave propagations are also recognized in this run. From this result, the relatively larger warming over the subtropical North Pacific after global warming can also have an impact to the convective activities around CJ area and the delay of the Baiu withdrawal in Japan.
To summarize the AGCM simulation results, relatively greater warming of SST over both the tropical Pacific and the subtropical North Pacific under global warming can have an impact on the southeastward displacement of CJ. The displacement of CJ might change the course of stationary Rossby wave propagation It is implied that these changes are associated with the displacement of the anomalous anticyclone over Japan and the delay and obscuration of the Baiu termination.
Summary and discussion
We evaluate the reproducibility of seasonal precipitation changes over central Japan in CMIP3 multi-model. Based on this evaluation, we calculate weighted multi-model ensembles and examine the future changes in the Baiu withdrawal and associated changes of seasonal evolutions over the WNP. The withdrawal of the Baiu rainy season over Japan will delay under global warming, as indicated by previous studies. Observational studies have pointed out the relationship between the Baiu withdrawal and an onset of convective activity over the WNP in mid-July. Under global warming conditions, the location of active convections over the WNP shifts southeastward. This change is associated with the delay of the Baiu withdrawal in a warmer climate. In the future projection, warming of SST is larger over the tropical Pacific and subtropical North Pacific than those in the adjacent regions. AGCM experiments, by imposing these warm SST anomalies, show that the change in the location of CJ associated with the spatial distribution of warm SST anomalies could be an important factor for the delay of the Baiu withdrawal over central Japan.
The southeastward displacement of CJ might change the course of stationary Rossby wave propagation and the southeastward displacement of the anomalous anticyclone over Japan. These results are schematically shown in Fig. 12 . Kusunoki et al. (2006 Kusunoki et al. ( , 2011 and Kusunoki and Mizuta (2008) conducted global warming projection experiments using a 20-km mesh global atmospheric model and showed that the withdrawal of the Baiu rainy season tends to be delayed in the future climate. They discussed that an increase in moisture transport from the North Pacific subtropical high is associated with the delay. This pattern is also inferred from Fig. 5c . In the present study, we present another possible mechanism in the delay of the Baiu withdrawal from the viewpoint of CJ, one of the key phenomena of the termination of the Baiu (Ueda et al. 1995) . The withdrawal of Baiu and summertime climate around Japan is affected not only by the tropical and subtropical forcing examined in the present study, but also by multiple atmospheric teleconnection patterns (Wakabayashi and Kawamura 2004) , including mid-latitude forcing such as the Silk Road pattern (Enomoto et al. 2003; Kosaka et al. 2009 ).
The delay of the Baiu in Japan needs to be further investigated considering other possible mechanisms. It is also important to examine whether SST spatial pattern variations in the past climate are associated with the delay of the Baiu withdrawal over Japan in the 20 th century revealed by previous studies (e.g., Sato and Takahashi 2001) . Yokoi and Takayabu (2009) revealed that the global warming impact on tropical cyclone genesis frequency over the WNP, and showed the increasing frequency trend is recognizable especially over the central North Pacific (5°-20°N, 150°E-180° ) because of the El Niño-like SST warming pattern. The increasing area locates to the southeast of CJ area, thus the southeastward displacement of convections in the present study might be consistent with the increasing frequency of tropical cyclones. In Fig. 5c , anticyclonic wind changes around the Philippines and cyclonic changes along 30°N are also similar to the future June-August (JJA) mean changes associated with Pacific-Japan (PJ) teleconnection pattern (Nitta 1987) pointed out by Kosaka and Nakamura (2011) . These results based on the seasonal mean feature of future projections might illustrate the changes in convection over the WNP at the time of the Baiu withdrawal.
As shown in Section 3, the reproducibility of the seasonal evolution in precipitation for the CMIP3 CGCMs varies largely from model to model. Also in our previous study , the boreal summer seasonal eastward expansion of convective regions over the WNP shows large variety between the CMIP3 CGCMs, thus we selected CGCMs and w-MME is calculated for more reliable future projections. Recently, multi-model outputs by the next generation of models (Coupled Model Intercomparison Project phase 5: CMIP5) have become available. It is expected that the reproducibility of Asian and WNP summer monsoon is better than that in the CMIP3 CGCMs. It is also of great importance to examine the reproducibility and projected future changes in seasonal evolution for these new datasets for the next step of this study. Fig. 12 . A schematic illustration of the future changes of Baiu withdrawal and associated changes shown in the present study. A local maximum warming over the tropical Pacific and relatively greater warming over the tropical North Pacific are associated with southeastward displacement and the delay of CJ over the WNP in midJuly. It is suggested that this projected change in convective activity might alter the course of stationary Rossby wave trains and the subsequent southeastward displacement of the anomalous anticyclone over Japan, bringing the delay of the Baiu withdrawal under global warming condition.
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